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(57) ABSTRACT

Isolation elements comprise a housing comprising a longitu-
dinal bore formed therein and at least one recess formed 1n at
least one longitudinally extending side of the housing. The at
least one recess 1s 1n communication with the longitudinal
bore. At least one diaphragm 1s attached proximate a periph-
ery thereotf to the housing and seals the at least one recess at
the at least one longitudinally extending side of the housing.
Sensor assemblies may include an 1solation element 1nclud-
ing a housing and a diaphragm coupled thereto. Methods of
forming an 1solation element for use with a sensor comprise
forming a longitudinal bore 1n a housing; forming at least one
recess 1n at least one longitudinally extending side of the
housing; coupling at least one diaphragm to the housing; and
positioning the at least one diaphragm such that a primary

direction of displacement of the at least one diaphragm
extends into the at least one recess.

21 Claims, 8 Drawing Sheets
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ISOLATION ELEMENTS INCLUDING ONE
OR MORE DIAPHRAGMS, SENSORS
INCLUDING ISOLATION ELEMENTS, AND
RELATED METHODS

FIELD

Embodiments of the present disclosure relate to apparatus
and methods for 1solating a sensor from a working environ-
ment and, more particularly, to i1solation elements having
diaphragms attached to one or more corresponding recesses
formed 1n longitudinally extending sides of the 1solation ele-
ments, as well as to methods of forming such 1solation ele-
ments and sensor assemblies including such elements.

BACKGROUND

Sensors for sensing pressure and/or temperature, some-
times interchangeably called transducers, have been used
successiully in the downhole environment of o1l and gas wells
for several decades, and are still conventional means for
determining downhole pressures, such as, for example, bot-
tom-hole pressure and annulus pressure. For example, quartz
pressure sensors may be used to determine downhole pres-
sure. Conventionally, an 1solation element and an 1solation
fluid are disposed between a working environment that 1s
being monitored for temperature and pressure changes and
the sensing element of the transducer 1s used to conduct the
measurements. Known 1solation elements may include dia-
phragms, bladders, and bellows, and a variety of flmids that
have been employed as 1solation fluids including various
hydrocarbon liquids.

Sensor 1solation schemes should protect the sensing ele-
ment from the flud environment being measured and enable
accurate, responsive, and repeatable measurements by the
sensing element when 1n use. Although somewhat self-evi-
dent, an i1solation element itself, and its connection to the
sensor or housing in which the sensor 1s placed, should be
substantially immune to any hostile characteristics of the
fluid environment. Areas of potential application for such an
1solation element include, for example, petroleum applica-
tions (e.g., drilling, exploration, production, completions,
logging, etc.), aerospace applications, purified liquid and gas
handling, medical applications, and petrochemical and other
industrial processes.

When deployed 1n an earth-boring application, clearances
in drill pipe and tubing, added to wall thicknesses necessary
tor housings capable of protecting electronic instrumentation
to pressures that may exceed 20,000 psi (approximately 137.8
MPa), generally limit sensor size to an overall diameter not
exceeding 1 inch (25.4 millimeters). Further, due to the desir-
ability of frictionless operation of an 1solation element, which
will enable consistent performance characteristics of the sen-
sor, the size and mass of the 1solation element should be
mimmized to mitigate orientation sensitivity due to gravity,
particularly 1n highly deviated and horizontal wells. In addi-
tion, the larger the fluid volume and more compressible the
isolation fluid, the more stroke or travel 1s required of the
1solation element for a given sensor response. Likewise, fluc-
tuations 1n environmental temperature may cause the 1sola-
tion tluid to expand and contract, further adding to the poten-
tial stroke or travel required of the isolation element. The
trade-oil between volume, compressibility, and travel may
result, in some configurations, 1n preventing the external pres-
sure and thermal expansion from being transmitted com-
pletely and accurately to the sensing element.
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Many environments, for reasons of corrosive effects and
conductivity, should be kept from contacting the sensing ele-

ment itself. Examples of such hostile environments include
hydrogen sulfide, carbon dioxide, oxygen, water, and various
solvents, some of which readily permeate thin membranes of
known elastomers and also attack many common metals.

Even with the use of corrosion-resistant materials, service-
ability of the 1solation element may be desirable so that 1t can
be cleaned and replaced if necessary, as even corrosion-resis-
tant metals, particularly 1t of thin wall cross-section, deterio-
rate over time when subjected to highly corrosive fluids (e.g.,
liguids, gases, and combinations of liquids and gases).
Elevated temperatures, such as those present in wellbores and
in many industrial processes, may accelerate deterioration. In
addition to corrosion-induced deterioration, most 1solation
schemes are subject to performance degradation due to par-
ticulate contamination, usually from debris, detritus, or con-
taminants present 1n the environmental fluid. Particulate con-
tamination that interferes with the active or movable part of
the 1solation element poses the threat of increased friction and
interference with travel, which reduce repeatability, reduce
the accuracy of measurements, and even render the 1solation
clement inoperative.

In summary, it 1s desirable that a sensor 1solation element
be constructed of a rugged, corrosion-resistant material, pro-
mote serviceability, replaceability, and ease of assembly and
reassembly, and enable a consistent result 1n terms of perfor-
mance.

One commonly employed isolation element comprises a
bellows, examples of which are disclosed 1mn U.S. Pat. Nos.
4,875,368 and 35,337,612. For example, a bellows may be
placed on an end of a cylindrical sensor housing and exposed
to environmental fluid, such as a working tluid 1n a downhole
carth-boring environment. As the bellows expands and con-
tracts 1n an axial direction in response to environmental pres-
sure and/or temperature, the pressure and thermal expansion
may be transmitted by an 1solation fluid through internal fluid
communication channels to a pressure sensor. The sensor
may transmit electrical signals 1n response to the pressure and
thermal expansion, which may be interpreted to determine
environmental pressure. Debris, detritus, and contaminants
present 1n the environmental fluid may, however, become
lodged 1n the bellows, or otherwise interfere with bellows
operation, compromising the accuracy and precision of pres-
sure measurements. Wax and hydrates may also form on the
bellows and interfere with the operation of the bellows. More-
over, the bellows may reach full compression at a pressure
below the environmental pressure, preventing the sensor from
measuring higher pressures. This 1s especially prevalent in
applications where a large volume of 1solation fluid must
expand or contract in response to changing pressures and
temperatures to give a reliable pressure measurement.

BRIEF SUMMARY

In some embodiments, the present disclosure includes 1s0-
lation elements comprising a housing including a longitudi-
nal bore formed therein and at least one recess formed 1n at
least one longitudinally extending side of the housing. The at
least one recess 1s in communication with the longitudinal
bore. At least one diaphragm 1s attached to the housing proxi-
mate a periphery of the atleast one recess and seals the at least
one recess and the longitudinal bore from an environment
exterior to the housing.

In further embodiments, the present disclosure includes
sensor assemblies comprising an 1solation element. The 1s0-
lation element comprises a housing. The housing comprises a
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connection portion, a longitudinal bore formed within the
housing and extending through the connection portion, at
least one recess formed 1n a side of the housing 1n communi-
cation with the longitudinal bore, and at least one diaphragm
coupled at a periphery thereof to the housing over the at least
one recess and sealing the at least one recess at the side of the
housing. A sensor housing 1s attached to the 1solation element
at the connection portion. The sensor housing comprises a
sensor chamber disposed within and defined by the sensor
housing. The sensor chamber 1s in communication with the
longitudinal bore of the 1solation element. At least one sensor
1s disposed within the sensor chamber.

Further embodiments of the present disclosure include
methods of forming an 1solation element for use with a sensor,
comprising forming a longitudinal bore 1n a housing of an
isolation element; forming at least one recess 1n at least one
longitudinally extending side of the housing 1n communica-
tion with the longitudinal bore; coupling at least one dia-
phragm to the housing at a perimeter of the at least one recess;
and positioning the at least one diaphragm such that a primary
direction of displacement of the at least one diaphragm
extends 1nto the at least one recess.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a perspective view of an 1solation element accord-
ing to an embodiment of the present disclosure;

FI1G. 2 1s a front view of a housing of the 1solation element
of FIG. 1;

FIG. 3 1s a cross-sectional side view of the housing of FIG.
2;

FI1G. 4 15 a bottom view of the housing of FIG. 2;

FIG. 5 1s a front view of a diaphragm of the 1solation
element of FIG. 1;

FIG. 6 1s a cross-sectional side view of the diaphragm of
FIG. §;

FIG. 6A 1s an enlarged partial cross-sectional side view of
a portion of the diaphragm of FIG. 5;

FIG. 7 1s an enlarged partial cross-sectional side view of a
portion of the 1solation element of FIG. 1;

FIG. 8 1s a perspective view of an 1solation element accord-
ing to another embodiment of the present disclosure;

FI1G. 9 15 a front view of a housing of the 1solation element
of FIG. 8;

FIG. 10 15 a cross-sectional side view of the housing of
FIG. 9;

FIG. 11 1s a perspective view of a diaphragm of the 1sola-
tion element of FIG. 8;

FI1G. 12 1s a front view of the diaphragm of FIG. 11;

FIG. 13 1s a cross-sectional side view of the diaphragm of
FI1G. 11; and

FIG. 14 1s a cross-sectional view of a sensor assembly
including an 1solation element according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings that depict, by way of illustra-
tion, specific embodiments in which the present disclosure
may be practiced. However, other embodiments may be uti-
lized, and structural, logical, and configurational changes
may be made without departing from the scope of the present
disclosure. The illustrations presented herein are not meant to
be actual views of any particular 1solation element or sensor,
but are merely 1dealized representations that are employed to
describe embodiments of the present disclosure. The draw-
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ings presented herein are not necessarily drawn to scale.
Additionally, elements common between drawings may
retain the same numerical designation.

FIG. 1 1s a perspective view of an 1solation element 10
according to an embodiment of the present disclosure. The
1solation element 10 includes a housing 12 and one or more
diaphragms 14 attached to a portion of the housing 12 (e.g.,
sides 13, 15 (FIG. 3) of the housing 12). For example, the
1solation element 10 may include a single diaphragm attached
to a portion of the housing 12. The embodiment shown in FIG.
1 includes two diaphragms 14 on attached to portions of the
housing 12 on opposing sides of the housing 12 (best shown
in FIG. 3). In other embodiments, i1t 1s contemplated that
additional diaphragms may be attached to portions of the
housing 12. The housing 12 also includes a connection por-
tion (e.g., a threaded connection portion 16) at an end (e.g., a
proximal end) of the housing 12. The threaded connection
portion 16 may include a sealing element 18 extending there-
from at the proximal end of the housing 12 to enable sealing
engagement of the 1solation element 10 to an associated struc-
ture (e.g., a sensor for measuring pressure, temperature, or
combinations thereof). An opening 11 may be formed 1n the
threaded connection portion 16 enabling fluid communica-
tion between the mterior of the 1solation element 10 and the
sensor. In some embodiments, the housing 12 may include a
securing element at an end of the housing 12 (e.g., a distal end
opposing the threaded connection portion 16 at the proximal
end of the housing 12). For example, a threaded securing hole
20 may be formed 1n the housing 12. In additional embodi-
ments, the housing 12 may include an O-ring groove at an end
of the housing 12 for use as a sealing mechanism.

FIG. 2 1s a front view of the housing 12 of the 1solation
clement 10 shown 1n FIG. 1. The housing 12 includes a
longitudinal axis L extending along the length thereof and one
or more recesses 22 formed 1n sides 13, 15 (FIG. 3) of the
housing 12. For example, the housing 12 may include a first
side 13 having a recess 22 formed therein and a second side 15
(FIG. 3) having another recess 22 formed therein. In some
embodiments, and as shown 1n FIG. 3, the sides 13, 15 may be
longitudinally extending sides of the housing 12 1n opposition
to one another. In other words, the sides 13, 15 may extend in
a direction substantially parallel to the longitudinal axis L of
the housing 12. Referring back to FIG. 2, the recess 22 shown
in FIG. 2 may have a shape, which may be described as a
“racetrack’ or “obround” shape resembling a rectangle hav-
ing two semicircles at opposing ends of the rectangle. In other
embodiments, the recess 22 may have a shape, which may be
described as a circle, an ellipse, an oval, a rectangle, or a
rectangle with rounded comers. The bottom surface of the
recesses 22 may be defined by a surface, which may be
described as a backing plate 24. The backing plate 24 may
have one or more holes 26 formed therein and extending
through a portion of the housing 12. For example, the recess
22 shown 1n FIG. 2 includes a plurality of holes 26 formed
through the backing plate 24 of the recess 22. The holes 26
may enable a recess 22 on one longitudinally extending side
13 of the housing 12 to be 1n communication with a recess 22
on an opposing longitudinally extending side 15 (FIG. 3) of
the housing 12. In some embodiments, the backing plate 24
may have an at least partially concave surface to enable opera-
tion of one or more diaphragms 14 (FIG. 5) as discussed
below 1n further detail. It 1s noted that while the embodiment
shown and described with reference to FIGS. 2 and 3 1llus-
trates a housing 12 having two opposing, longitudinally
extending sides 13, 15, in other embodiments the housing 12
may include more than two longitudinally extending sides.
For example, a housing may exhibit a substantially triangular
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lateral cross section, a substantially quadrilateral (e.g.,
square, rectangular) lateral cross section or any other suitable
shape (e.g., other polygonal cross-sectional shapes, a circular
or arced cross-sectional shapes, etc.).

FIG. 3 1s a cross-sectional view of the housing 12 shown 1n

FIG. 2. The housing 12 includes a longitudinal bore 28

extending, for example, along a portion of the longitudinal
axis L. The longitudinal bore 28 may be formed 1n a portion
of housing 12 and extend to the recesses 22. For example, the
longitudinal bore 28 may be formed through the sealing ele-
ment 18 and the threaded connection portion 16 at the proxi-
mal end of the housing 12. The longitudinal bore 28 may
extend to the recesses 22 and may be 1n communication with
one or more of the holes 26. For example, as shown 1in FI1G. 3,
the longitudinal bore 28 1s 1n communication with one of the
three holes 26 formed through the backing plates 24 of each
recess 22. Accordingly, the recesses 22 are 1n communication
with one another and with the longitudinal bore 28 via the
holes 26. In some embodiments and as shown 1n FIG. 3, the
longitudinal bore 28 may extend through the housing 12
along a portion (e.g., an edge portion) of the recesses 22. In
other embodiments, such as that shown 1n FIG. 10, a longi-
tudinal bore 28' may extend through the housing 12' along an
entirety of one or more of the recesses 22'. In addition, the
recesses 22' comprise a hole extending longitudinally along,
the backing plate 24' and in fluild communication with the
longitudinal bore 28'.

FI1G. 41s abottom view of the housing of FIG. 2, and further
depicts the longitudinal bore 28, the sealing element 18, and
the threaded connection portion 16.

As shown 1n FIG. 3, the thickness and configuration of the
housing 12 may vary along the longitudinal length of the
housing 12. For example, the proximal end of the housing 12
comprising the threaded connection portion 16 and the seal-
ing clement 18 may comprise a substantially cylindrical end
having threads formed 1n the threaded connection portion 16
and a frustoconical shape at the sealing element 18. The
middle portion of the housing 12 including the recesses 22
and the distal end portion including the threaded securing
hole 20 may comprise an elongate member that 1s wider in
one direction (e.g., a side of the housing 12 having the
recesses 22 formed therein), as shown 1n FIG. 2, than 1t 1s 1n
another direction, as shown 1n FIG. 3. In other words, the
housing 12 may be said to resemble a diving board 1n shape.
In other embodiments, the housing 12 may include four sides
that may exhibit a substantially equal width. For example, the
housing may have a substantially square cross-section and
may include one or more recesses 1 one or more (€.g., each)
of the sides of the housing.

In some embodiments, the housing 12 may comprise a
plurality ofrecesses 22. For example, the housing 12 shown in
FIGS. 2 and 3 comprises one recess 22 1n each of two oppos-
ing sides 13, 15 of the housing 12. In other embodiments, only
one recess 22 may be formed 1n one side of the housing 12. In
turther embodiments, at least two recesses 22 may be formed
in each side of the housing 12, which comprises recesses 22,
whether 1t be one side or two opposing sides (e.g., 1solation
clement 10' (FIG. 8), discussed below).

In some embodiments, the housing 12 may comprise a
material that 1s rugged and corrosion-resistant (e.g., a mate-
rial suitable for use 1n a high-pressure, high-temperature,
corrosive, and abrasive environment or environment fluid,
such as 1n a downhole earth-boring application). For example,
the housing 12 may comprise steel, stainless steel, nickel,
chromium, molybdenum, aluminum, titanium, copper, alloys
thereol, a cermet, such as tungsten carbide, or any combina-
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tion of the foregoing materials. As a specific non-limiting
example, the housing 12 may comprise INCONEL® 625
alloy steel.

FIG. 5 1s a front view of the diaphragm 14 of the 1solation
clement 10 shown 1 FIG. 1. FIG. 6 1s a cross-sectional side
view ol the diaphragm 14 shown in FIG. 5. FIG. 6A 1s an
enlarged partial cross-sectional view of the circled portion 6 A
of the diaphragm 14 shown 1n FIG. 6. Taken together, FIGS.
5 through 6 A show an elongate diaphragm 14 for attachment
at the perimeter of a recess 22 (FIGS. 2 and 3) formed 1n the
housing 12 of the i1solation element 10. The diaphragm 14
comprises a shape that 1s complementary to the recess 22 to
which the diaphragm 14 1s to be attached. Specifically, the
diaphragm 14 shown 1n FIG. 5 comprises a shape that may be
described “obround,” resembling a rectangle having two
semicircles at opposing ends of the rectangle. In other
embodiments, the diaphragm 14 may have a shape that may
be described as a circle, an ellipse, an oval, a rectangle, or a
rectangle with rounded corners.

In some embodiments, the diaphragm 14 may comprise a
corrugated member. For example, as best shown 1n FIG. 6 A,
the diaphragm 14 may comprise a series of alternating ridges
and grooves that enable the diaphragm 14 to comply, expand,
and compress 1n response to an applied pressure and/or tem-
perature.

Like the housing 12, to which 1t 1s to be attached, the
diaphragm 14 may comprise a material that 1s rugged and
corrosion-resistant (e.g., a maternal suitable for use 1n a high-
pressure, high-temperature, corrosive, and abrasive environ-
ment or environment fluid, such as 1n a downhole earth-
boring application). For example, the diaphragm 14 may
comprise steel, stainless steel, nickel, chromium, molybde-
num, aluminum, titamum, copper, alloys thereol, or any com-
bination ofthe foregoing materials. As a specific non-limiting
example, the diaphragm 14 may comprise INCONEL® 625
alloy steel.

Referring back to FI1G. 1, diaphragms 14 may be attached
to the housing 12 at the perimeter of the recesses 22 formed in
the housing 12. FIG. 7 1s an enlarged partial cross-sectional
side view of a portion of the 1solation element 10. As shown 1n
FIG. 7, the housing 12 may include a portion (e.g., shelf 17)
formed on or 1n a portion of the housing 12 (e.g., in the recess
22). A perimeter portion of the diaphragm 14 may be attached
(e.g., welded, brazed, adhered, etc.) to a perimeter of the
recess 22 formed by the housing 12 at the shelf 17. As further
shown 1n FIG. 7, 1n some embodiments, the shelf 17 may be
formed at least partially 1n the recess 22 such that when the
diaphragm 14 1s attached thereto, the diaphragm 14 1s also at
least partially recessed within the housing 12 (e.g., recessed
with respect to an outer surface of the housing 12 adjacent the
recess 22). In some embodiments, the profile of the recess 22
adjacent the shelf 17 may be curved to accommodate the
diaphragm 14 (e.g., a portion of the corrugation of the dia-
phragm 14) therein and enable the diaphragm 14 to translate
1in response to pressure changes.

In some embodiments, one or more diaphragms 14 may
undergo surface preparation before attachment to the housing
12. For example, the outer perimeter of each diaphragm 14
may be sanded before attachment to the housing 12. After
sanding, each diaphragm 14 may be positioned proximate a
recess 22 formed 1n the housing 12. The perimeter of each
diaphragm 14 may at least substantially align with the perim-
cter of a recess 22 1n the housing 12. When diaphragm 14 and
recess 22 perimeters are aligned, each diaphragm 14 may be
temporarily aflixed to the housing 12 at the perimeter of a
recess 22. For example, each diaphragm 14 may be tacked to
the housing 12 at points around the perimeter of each recess
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22 using a welding process, such as a gas metal arc welding
process or, more specifically, a tungsten mert gas (11G) weld-
ing process. In some embodiments, to aid 1n alignment, 1n
positioning the tack welds, and 1n dissipating heat generated
during the welding process, a metal template (e.g., heat sink)
member having holes drilled therethrough at positions where
tack welds are desirable may be provided. Each diaphragm 14
may then be permanently attached to the housing 12 at the
perimeter of each recess 22 to form a hermetic seal between
cach diaphragm 14 and the housing 12. For example, each
diaphragm 14 may be welded to the housing 12 around the
perimeter ol each recess 22 using a welding process, such as
an electron beam welding process.

FIG. 8 1s a perspective view of an 1solation element 10",
according to another embodiment of the present disclosure. In
some embodiments, the 1solation element 10' may be some-
what similar to and include features similar to the 1solation

clement 10 (FIG. 1) illustrated and described above. The

1solation element 10' comprises a housing 12' and a plurality
of diaphragms 14' attached each of two opposing sides 13", 15
(FI1G. 10) of the housing 12'. The housing 12' also includes a
threaded connection portion 16 at the proximal end of the
housing 12", the threaded connection portion 16 having a
sealing element 18 extending therefrom.

FIG. 9 1s a front view of a housing 12' of the 1solation
element 10' of FIG. 8, and FIG. 10 1s a cross-sectional view of
the housing 12' of F1G. 9. The housing 12' includes a plurality
of recesses 22' formed 1n opposing longitudinally extending
sides 13', 15" (FIG. 10) of the housing 12'. The recesses 22!
shown 1n FIG. 9 have a circular shape. As previously noted,
the recess 22' 1n other embodiments may have a shape that
may be described as “obround,” an ellipse, an oval, a rect-
angle, or a rectangle with rounded corners. The bottom sur-
face of each recess 22' may be defined by a backing plate 24
having one or more holes 26' formed 1n the backing plate 24'
and extending through the housing 12'. For example, each
recess 22' shown in FIG. 9 includes a single hole 26' formed
through the backing plate 24' of each recess 22'. The holes 26
may enable recesses 22' on one longitudinally extending side
13" of the housing 12' to be in communication with recesses
22'on an opposing longitudinally extending side 15' (F1G. 10)
of the housing 12'.

As best shown 1 FI1G. 10, the housing 12' further includes
a longitudinal bore 28'. The longitudinal bore 28' 1s formed
through the sealing element 18 and the threaded connection
portion 16. Further, the longitudinal bore 28' 1s 1n communi-

cation with at least one hole 26'. The longitudinal bore 28",
shown 1n FIG. 10, 1s 1n communication with each of the two
holes 26' formed 1n the backing plates 24' of the recesses 22'.
Accordingly, the recesses 22' are 1n communication with one
another and with the longitudinal bore 28' via the holes 26'. In
some embodiments, the holes 26' through the backing plate
24' of each recess 22' may be formed by the longitudinal bore
28' as 1t extends through the housing 12' and intersects the
recesses 22'.

Like the embodiment shown 1n FIGS. 2 through 4, the
thickness of the housing 12' shown 1n FIGS. 9 and 10 may
vary along the longitudinal length of the housing 12'.

In some embodiments, the housing 12' may comprise a
plurality of recesses 22'. For example, the housing 12' shown
in FIGS. 9 and 10 comprises two recesses 22' 1n each of two
opposing sides 13", 15' of the housing 12'. In other embodi-
ments, recesses 22' may only be formed 1n one side 13' of the
housing 12'.

In some embodiments, the housing 12' may comprise a
material that 1s rugged and corrosion-resistant, such as any of
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the materials discussed previously 1n relation to the embodi-
ment shown in FIGS. 2 through 4.

FIG. 11 1s a perspective view of a diaphragm 14' of the
1solation element 10' of FIG. 8. FIG. 12 1s a front view of the
diaphragm of FIG. 11. FIG. 13 1s a cross-sectional view of the
diaphragm of FIG. 11. Taken together, FIGS. 11 through 13
show a diaphragm 14' for attachment at the perimeter of each
recess 22' (FIGS. 9 and 10) formed 1n the housing 12' of the
isolation element 10'. The diaphragm 14' comprises a shape
that 1s complementary to each recess 22' to which the dia-
phragm 14' 1s to be attached. Specifically, the diaphragm 14'
shown 1n FIGS. 11 through 13 comprises a circular shape. In
other embodiments, the diaphragm 14' may have a shape that
may be described as obround, an ellipse, an oval, a rectangle,
or a rectangle with rounded corners.

In some embodiments, the diaphragm 14' may comprise a
corrugated member. As best shown 1n FIG. 13, the diaphragm
14' may comprise a series of alternating ridges and grooves
that enable the diaphragm 14' to comply, expand, and com-
press 1n response to an applied pressure and/or temperature.

Like the housing 12' to which it 1s to be attached, the
diaphragm 14' may comprise a material that is rugged and
corrosion-resistant, such as any of the materials discussed
previously 1n connection with the embodiment shown in
FIGS. 5 and 6.

Referring back to FIG. 8, the diaphragms 14" may be
attached to the housing 12' at the perimeter of the recesses 22
(FIGS. 9 and 10) formed in the housing 12' using, for
example, any of the methods discussed previously 1n relation
to the embodiment shown 1n FIG. 1.

FIG. 14 15 a cross-sectional view of a sensor assembly 30
(e.g., a pressure sensor assembly) according to an embodi-
ment ol the present disclosure. The sensor assembly 30
includes an 1solation element 10, for example, the 1solation
clement 10 shown 1n FIG. 1. The sensor assembly 30 further
includes a sensor housing 32. The sensor housing 32 includes
a sensor 34, such as, for example, a quartz crystal sensing
clement. Conductors 36 transmit electrical signals from the
sensor 34 to and from transducer electronics (not shown) in an
clectronics chamber 38. The sensor 34 1s disposed 1n a sensor
chamber 40. At an end of the sensor chamber 40 opposing the
conductors 36, a frustoconical bore 42 provides access to the
sensor chamber 40. A threaded connection bore 44 1s further
provided for attaching the 1solation element 10 to the sensor
housing 32.

The 1solation element 10 may be assembled with the sensor
housing 32 by engaging the threaded connection portion 16 of
the 1solation element 10 with the threaded connection bore 44
of the sensor housing 32. As the 1solation element 10 1is
rotated, threads of the threaded connection portion 16 engage
grooves ol the threaded connection bore 44 to form a connec-
tion. Accordingly, the 1solation element 10 may be remov-
able, enabling replacement of the 1solation element 10, and
both cleaning and servicing of the 1solation element 10, the
sensor housing 32, and the sensor 34. In other embodiments,
the 1solation element 10 may be permanently attached to the
sensor housing 32. Furthermore, 1n some embodiments, the
1solation element 10 may be attached to the sensor housing 32
using, for example, a threaded connection, a weld, a metal
crush seal, an O-ring seal, a slip fit, a press fit, or any combi-
nation of these. In some applications, such as an environment
subjecting the isolation element 10 to high wvibrations, a
threaded member, such as a screw or bolt, may threadedly
engage a threaded securing hole 20 formed 1n an end of the
1solation element 10 opposing the threaded connection por-
tion 16 and engage a threaded hole 1n some other apparatus
(e.g., a portion of a drill string used in earth-boring applica-
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tions) to prevent vibrations from rotating (e.g., unthreading)
the 1solation element 10 and exposing the sensor 34 to the
working environment.

In some embodiments, the sealing element 18 of the 1sola-
tion element 10 may have a frustoconical shape complemen-
tary to the frustoconical bore 42 of the sensor housing 32. The
sealing element 18 may abut against the frustoconical bore 42
to form a seal therebetween. For example, the seal may be a
metal-to-metal seal. In environments where an 1solating ele-
ment may be used, such as 1n an earth-boring application,
high temperatures, high pressures, corrosive environment,
abrasive environment, or combinations thereof may render
alternative methods of forming a seal, such as a bushing or
O-ring, inelfective due to degradation and eventual failure of
the seal. The metal-to-metal cone seal may enable a longer
elfective working life of the seal 1solating the sensor 34 from
the working environment. Accordingly, seals formed between
the diaphragms 14 and the housing 12 and between the seal-
ing element 18 and the frustoconical bore 42 may provide a
hermetic seal to 1solate the sensor 34 from the working envi-
ronment. For example, the assembled sensor assembly 30
may have a hermetic leak rate of less than ten to the negative
ninth power cubic centimeters per second (107 cc/sec) mea-
sured using helium at one atmosphere (1 atm.) of pressure.

The longitudinal bore 28 of the 1solation element 10 may be
in communication with the sensor chamber 40 and at least one
hole 26 formed through the backing plate 24 of at least one
recess 22. For example, a highly incompressible, low thermal
expansion tluid may be provided 1n the sealed portions of the
sensor assembly 30, including the recesses 22, the holes 26,
the longitudinal bore 28 of the 1solation element 10, and the
sensor chamber 40. The fluid may comprise, for example, o1l
such as a PARATHERM® or sebacate oil.

As pressure 15 applied by the working environment to the
isolation element 10, the diaphragms 14 may comply, expand,
or compress 1nto the recesses 22 formed 1n the longitudinally
extending sides 13, 15 (FIGS. 3) of the housing 12 of the
isolation element 10. The pressure may then be transmitted by
the highly incompressible, low thermal expansion fluid
through the holes 26 and the longitudinal bore 28 to the sensor
34 1n the sensor chamber 40. The recesses 22 may be of a
depth that, when the diaphragms 14 are subjected to pressures
that put the diaphragms 14 at maximum displacement or
compression, the diaphragms 14 abut against the backing
plates 24 of the recesses 22.

Referring to back FIGS. 1 and 3, the diaphragms 14 may be
coupled to the housing 12 of the 1solation element 10 proxi-
mate to the recesses 22 such the diaphragms 14 may by
displaced (e.g., by a pressure and/or temperature applied
thereto) mto the recesses 22. For example, the configuration
of the 1solation element 10 may enable the diaphragms 14 to
exhibit a primary direction of displacement (1.e., a direction
along which the diaphragms 14 may exhlibit the largest
amount of displacement as compared to other directions) that
1s substantially transverse to the longitudinal axis L of the
housing 12. In some embodiments, the diaphragms 14 may
exhibit a primary direction of displacement that 1s transverse
to the longitudinal bore 28, which 1s 1n communication with
an adjacent structure (e.g., the sensor housing 32 (FIG. 14)).

Locating the diaphragms 14 and recesses 22 1n the longi-
tudinally extending sides 13, 15 of the housing 12 may enable
more volumetric displacement of the highly incompressible,
low thermal expansion fluid when compared to a diaphragm
or bellows located on an end of the housing 12 transverse to
the longitudinal axis L of the 1solation element 10. Accord-
ingly, locating the diaphragms 14 and recesses 22 in the
longitudinally extending sides 13, 15 of the housing 12 may
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be particularly beneficial in a downhole earth-boring environ-
ment, which has limited radial space but may require a rela-
tively large volume of 01l to expand or contract 1n response to
changes in downhole temperature and pressure. Moreover,
locating the diaphragms 14 in the longitudinally extending
sides 13, 15 of the housing 12 may prevent debris, detritus,
and contaminants, which may be present in the working envi-
ronment from interfering with the operation of the sensor
assembly 30. For example, debris and detritus may be less
likely to become lodged in the alternating ridges and grooves
of the corrugated diaphragms 14 when compared with a bel-
lows configuration. In summary, locating the diaphragms 14
and recesses 22 in the longitudinally extending sides 13,15 of
the housing 12 may enable more accurate and complete mea-
surement of pressure and/or temperature in a working envi-
ronment.

While embodiments of the present disclosure may be sus-
ceptible to various modifications and alternative forms, spe-
cific embodiments have been shown by way of example 1n the
drawings and have been described in detail herein. However,
it should be understood that the disclosure 1s not intended to
be limited to the particular forms disclosed. Rather, the dis-
closure encompasses all modifications, variations, combina-
tions, and alternatives falling within the scope of the disclo-
sure as defined by the following appended claims and their
legal equivalents.

What 1s claimed 1s:

1. An 1solation element, comprising;:

a housing comprising a longitudinal bore formed therein
and at least one recess formed 1n at least one longitudi-
nally extending side of the housing, the at least one
recess extending from an exterior surface of the at least
one longitudinally extending side of the housing into the
housing 1n a direction transverse to the longitudinal
bore, wherein the at least one recess 1s in communication
with the longitudinal bore; and

at least one diaphragm attached to the housing along a
periphery of the at least one recess and sealing the at
least one recess and the longitudinal bore from an envi-
ronment exterior to the housing.

2. The 1solation element of claim 1, wherein the at least one
recess comprises a plurality of recesses and the at least one
diaphragm comprises a plurality of diaphragms and wherein
cach diaphragm of the plurality of diaphragms seals an asso-
ciated recess of the plurality of recesses from the exterior
environment.

3. The 1solation element of claim 2, wherein at least one
recess of the plurality of recesses 1s formed 1n a first longitu-
dinally extending side of the housing and at least another
recess ol the plurality of recesses 1s formed 1 a second
longitudinally extending side of the housing and wherein the
first longitudinally extending side and second longitudinally
extending side of the housing extend in a direction substan-
tially parallel to the longitudinal bore.

4. The 1solation element of claim 3, wherein the second
longitudinally extending side opposes the first longitudinally
extending side.

5. The 1solation element of claim 2, wherein each longitu-
dinally extending side of the housing includes at least two
recesses of the plurality of recesses formed therein.

6. The 1solation element of claim 1, wherein the atleast one
recess 15 formed 1n one longitudinally extending side of the
housing.

7. The 1solation element of claim 1, wherein the at least one
diaphragm comprises a shape comprising one of a circle, an
cllipse, an oval, a rectangle, a rectangle having rounded cor-
ners, and a rectangle having semicircles at opposing ends
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thereot and the at least one recess comprises a shape comple-
mentary to the shape of the at least one diaphragm.

8. The 1solation element of claim 1, wherein the atleast one
diaphragm 1s corrugated.

9. The 1solation element of claim 1, wherein the at least one
diaphragm conforms to a backing plate forming a portion of
the at least one recess 1n the housing when the at least one
diaphragm 1s at a maximum displacement.

10. The 1solation element of claim 1, wherein the at least
one diaphragm 1s welded to the housing at a perimeter of the
at least one recess.

11. The 1solation element of claim 1, wherein the housing
turther comprises a threaded connection portion at an end
thereof.

12. The 1solation element of claim 1, wherein the housing
comprises a recessed shell proximate a periphery of the at
least one recess, the at least one diaphragm being welded to
the housing at the recessed shellf.

13. A sensor assembly, comprising:

an 1solation element comprising:

a housing comprising:

a connection portion;

a longitudinal bore formed within the housing and
extending through the connection portion, the lon-
gitudinal bore extending at least substantially par-
allel to a longitudinal axis of the housing;

a first longitudinally extending exterior side and a
second, opposing longitudinally extending exterior
side extending at least substantially parallel to the
longitudinal axis of the housing;

at least one recess formed 1n each of the first longitu-
dinally extending exterior side and the second,
opposing longitudinally extending exterior side of
the housing, each recess extending into a respective
longitudinally extending exterior side in a direction
transverse to the longitudinal axis of the housing,
wherein each recess 1s 1n communication with the
longitudinal bore; and

diaphragm coupled to the housing at a periphery of
cach recess, wherein each diaphragm extends over
a respective recess and seals the respective recess at

the first longitudinally extending exterior side or

the second, opposing longitudinally extending
exterior side of the housing; and

a sensor housing attached to the 1solation element at the

connection portion, the sensor housing comprising a

sensor chamber disposed within and defined by the
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sensor housing, the sensor chamber being in commu-
nication with the longitudinal bore of the 1solation
clement, and at least one sensor disposed within the
sensor chamber.

14. The sensor assembly of claim 13, wherein at least one
of the first longitudinally extending exterior side and the
second, opposing longitudinally extending exterior side com-
prises a plurality of recesses.

15. The sensor assembly of claim 13, wherein the connec-
tion portion of the 1solation element comprises a threaded
connection portion.

16. The sensor assembly of claim 15, wherein the 1solation
clement further comprises a frustoconical member adjacent
the threaded connection portion, the frustoconical member
forming a seal between the 1solation element and the sensor
housing.

17. The sensor assembly of claim 15, wherein the at least
one diaphragm 1s positioned over the at least one recess to
enable the at least one diaphragm to displace into the at least
one recess 1n a direction substantially transverse to the lon-
gitudinal bore formed in the housing.

18. A method of forming an 1solation element for use with
a Sensor, comprising:

forming a longitudinal bore 1n a housing of an i1solation

element;

forming at least one recess to extend, 1n a direction trans-

verse to the longitudinal bore, from an exterior surface of
at least one longitudinally extending side of the housing
into the housing and to the longitudinal bore;

coupling at least one diaphragm to the housing at a perim-

eter of the at least one recess; and

positioning the at least one diaphragm such that a primary

direction of displacement of the at least one diaphragm
extends 1nto the at least one recess.

19. The method of claim 18, wherein positioning the at
least one diaphragm comprises positioning the at least one
diaphragm such that the primary direction of displacement of
the at least one diaphragm extends 1s at least substantially
transverse to the longitudinal bore formed 1n the housing.

20. The method of claim 18, wherein coupling at least one
diaphragm to the housing at a perimeter of the at least one
recess comprises welding the at least one diaphragm to a
support member at the perimeter of the at least one recess.

21. The method of claim 18, further comprising attaching,
the 1solation element to a sensor housing and forming a seal
between the 1solation element and the sensor housing.
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